(NAG), alanine aminopeptidase (AAP), y-glutamyltransferase (GGT), and creatinine (Cr) were measured in random (Untimed) urine samples from 29 nonpregnant women and from pregnant subjects (11 in the first trimester, 34 in the second, and 37 in the third). The excretion of TP, AIb, TRF, NAG, and AAP (relative to creatinine) and the RBP concentration were all higher (P O.05) in the second and third trimesters compared with values for the nonpregnant controls. The GGT/Cr ratio was significantly higher only in the third trimester. The increase in low-molecular-mass proteins and tubular enzymes suggests that at least part of the increase in Aib, TAF, and TP results from decreased tubular reabsorption. We conclude that excretion of both high-and low-molecularmass proteins is increased during pregnancy.
In normal pregnancy, protein excretion reportedly is increased in the second and third trimesters (1-2). However, there is no agreement as to the contribution of albumin (AIb) to this increase. 3 
Lopez-Espinoza et al. (3)
found Alb excretion to be greatest during the third trimester. Wright et al. (4) found that the Alb/creatinine (Cr) ratio was higher in pregnant subjects than in nonpregnant controls. This was not confirmed by Beetham et al. (5) , who found increased fractional clearance of Alb and increased excretion of retinol-binding protein (REP) in normal pregnancy. GerO et al. (6) also reported increased excretion of REP in normal pregnancy.
In view of these discrepant results we measured the concentrations of Alb, REP, Cr, total protein (TP), transferrin (TRF), and the activities of N-acetyl-3-glucosaminidase (NAG), alanine aminopeptidase (AAP), and yglutamyltransferase (GOT) in random (i.e., untimed) urine samples from nonpregnant and pregnant women, and we report our results here.
Materials and Methods
Untimed 20-mL urine samples were collected from 29 nonpregnant women (age range 22-34 y) and 67 pregnant women (11, 34, and 37 in the first, second, and third trimesters, respectively).
The first-trimester subjects were all admitted for therapeutic abortion. Other pregnant subjects, some of whom were studied serially, were all attending the antenatal clinic.
All pregnant subjects had normal blood pressure, normal and a centrifugal analyzer as described previously (7) . The lower limits of detection were 2.5 mg/L, 60 pg/L, and 130 pgfL, respectively. Between-assay CVs were 5%, 15%, and 8.7%, respectively, for concentrations of 13.9 mgJL for Alb, 300 p.g/L for RBP, and 460 pgfL for TRF.
Urinary NAG, AAP, and GOT were measured spectrophotometrically, CVs were 3.4%, 3.6%, and 4% at activities of 663 UIL, 13.3 U/L, and 5.1 UIL, respectively.
Except for RBP, all results are expressed in relation to Cr excretion. RBP results are given as concentrations (pgfL), because many nonpregnant (62%) subjects had urinary REP concentration below the detection limit of the present assay, making it impossible to calculate the RBP/Cr ratio for all subjects. Results are given as median and range, because the distributions of the data were not gaussian. Groups were compared by Mann-Whitney U test, a P value of 0.05 being considered significant, and the relationships between variables were assessed by rank-sum correlation with a commercial computer package (Abstat TM; Anderson-Bell, Canon City, CO). 37-3.70) (0.36-4.85) (0.55-7.7 significantly higher in all three trimesters. The magnitude of increase of the TRF/Cr ratio was greater than that of Alb/Cr. More low-molecular-mass protein (e.g., REP) was excreted during the second and third trimesters. The percentages of subjects with undetectable urinary REP (<60 jig/L) were 90%, 37%, and 34% in the first, second, and third trimesters, respectively, and 62% in the nonpregnant women. The percentage with detectable RBP in the second and third trimesters was significantly higher than that of the nonpregnant women (P <0.05 by x2 test).
Results
The NAG/Cr ratio was higher in all three trimesters and the AAP/Cr ratio was higher in the second and third trimesters, as compared with the ratios for nonpregnant controls, but the GOT/Cr ratio was significantly higher only in the third trimester. Table 2 gives the number (and percentage) of pregnant subjects with values for urinary proteins and enzymes greater than the highest value found in the nonpregnant women. For all analytes, the number of pregnant subjects with values exceeding those for nonpregnant women was greatest in the third trimester.
In the third trimester, the proportions of subjects with increased ratios were about 30% for TP/Cr, Alb/Cr, and AAP/Cr; 80% for TRF/Cr; and 50% for NAG/Cr.
Discussion
In studies on protein excretion, many authors have used timed collection, collection while recumbent, overnight urine collection (11), or 24-h specimens (3) . We used untimed urine specimens, because they are conveniently collected and have been shown to be as valid as overnight specimens (12).
Although the proteinuria of pre-eclampsia has been studied extensively (3, 13-17) , there are few studies on the excretion of proteins during normal pregnancy. Total protein excretion was found to be increased during normal pregnancy, especially during the third trimester (1,2) . Our results confirm these findings, and in the third trimester the TP/Cr ratio was nearly three times the value for nonpregnant women.
With the introduction of sensitive immunoassay techniques it has been possible to measure the low concentration of urinary albumin in several pathological The increased excretion of Alb and TRF could be the result of increased ifitration, reduced reabsorption, or a combination of the two. The high glomerular filtration rate during pregnancy (18) probably is a contributing factor. We have previously shown that decreased tubular reabsorption contributes to the albuniinuria of diabetes mellitus (19) . To assess the contribution of tubular reabsorption, we measured a low-molecular-mass protein-REP, which is freely filtered and completely reabsorbed by the renal tubulesand some tubular enzymes (NAG, AAP, and GOT). We found that the concentration of RBP in urine increased in the secondand third trimester of pregnancy. Other workers have reported increased REP excretion during pregnancy (5,6). Urinary excretion of NAG, AAP, and GGT has been used to detect renal tubular dysfunction-as, for example, after renal transplantation (20) , the use of nephrotoxic drugs such as cisplatinum and cephalosporins (21) , and in diabetes (22) . The NAG/Cr, AAP/Cr, and GOT/Cr ratios were all higher in pregnancy, although the increase in GOT was significant only in the third trimester. Increased NAG and AAP during pregnancy have also been reported by others (23). These results suggest that tubular reabsorption of proteins is decreased in normal pregnancy and this may contribute to the observed increase in Alb and TRF excretion.
In contrast to Alb, the TRF/Cr ratio was increased 12-fold in the third trimester and the percentage of "above-normal" TRF/Cr ratios was 83.9% compared with 24.3% for the Mb/Cr ratio. This increased excretion of TRF cannot be explained on the basis of the molecular size, because the relative molecular masses of TRF and AIb are similar (77 000 and 69 000, respectively). However, TRF is less anionic, and therefore we suggest that in late pregnancy there is not only an increase in permeability of the glomerular membrane but also a change in the charge.
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